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INTRODUCTION 

The U. S. Navy has been involved for some time in the develop- 
ment of Navy fuels from alternative sources (shale oil, tar sands 
and coal) and as a part of this effort, the Naval Research Laboratory 
and the Naval Air Propulsion Center have been studying the charac- 
teristics of these fuels (1,2). NRL and NAPC are currently partici- 
pating in a program to characterize the products from the Shale-11 
refining process conducted by the Standard Oil Company of Ohio (SOHIO) 
at their refinery in Toledo, Ohio. This paper is concerned with a 
part of this program and is a summary of the work on the physical and 
related properties of three military type fuels derived from shale: 
JP-5 and JP-8 jet turbine fuels, and diesel fuel marine (DFM) (3-5). 
Another paper of this symposium (6) will discuss the chemical charac- 
terization of the fuels. 

JP-5 (3) is a "high flash point" Navy fuel for carrier-based jet 
aircraft and helicopters and occasionally for shipboard power plants 
and propulsion. JP-8 ( 4 ) ,  a U. S .  Air Force jet fuel, is very 
similar to "Jet A" kerosene used by commercial jet aircraft in the 
United States and elsewhere. 

The shale derived fuels which were used in these studies were 
derived from Paraho crude shale oil. The refining process which was 
used is described elsewhere (7). 

.A total of thirty-six Shale-I1 fuel samples have been examined 
including seventeen JP-5 samples, five JP-8 samples and fourteen DFM 
samples. Of the thirty-six samples, twenty-six were "finished" fuels 
in that they had been treated with sulfuric acid to remove organic 
bases, and ten were "pre-acid treatment" samples. Six of the 
finished samples did not contain additives but the remaining twenty 
samples did. The latter group included two pilot plant samples, one 
JP-5 ("J-PP") and one DFM ("D-PP"). 

GC SIMULATED DISTILLATION 

The boiling range distribution of a representative sample of 
each of the three fuels was determined by gas chromatography (GC 
Simulated Distillation) using ASTM method D 2887 (8). Data are 
given in Table I and plots of the data for JP-5 and DFM are shown in 
Figure 1. JP-8 data have been omitted from the figure since the 
data for JP-5 and JP-8 are quite similar. The temperatures for the 
JP-8 averaged 4OC lower than for the JP-5 at the various percentages. 
The only exception was the 0.5% distilled point, for which JP-5 was 
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5OC lower. The JP-5 data are somewhat low compared to current JP-5 
from petroleum (9). A s  a rule, data obtained by a GC simulated 
distillation do not agree with analogous data obtained by actual dis- 
tillation. Temperatures by the simulated distillation are lower than 
that of simple ASTM pot distillations (10) at the initial tempera- 
tures, higher near the end point temperatures, and in close agreement 
near the midpoint temperatures (3,4). From the distillation data 
and other data which follow, the JP-8 Shale-I1 samples can be con- 
sidered to be "JP-5" fuel for all practical purposes. 

MISCELLANEOUS PHYSICAL PROPERTIES 

Specific gravity, freezing point and pour point data are shown 
in Table 11. For each fuel four kinds of data are given (where 
available): the range of the data (minimum and maximum values 
obtained), the average value for all the samples examined, the mili- 
tary specification 'requirement for that property, and an average 
value for a representative petroleum derived fuel. Also shown in 
the table are the number of fuel samples which were examined in each 
case. This format is also used for Table I11 which will follow. 

Specific Gravity - The specific gravities of the Shale-I1 jet 
fuels (one sample of each type) were very similar to each other, met 
specification requirements, and were about the same as that of an 
average petroleum derived fuel. The two Shale-I1 DFM specific 
gravities were very similar but slightly lower than that of an aver- 
age petroleum derived fuel. 

Freezing Point - With the exception of one JP-8 sample (J-111, 
all the samples of the jet fuels froze below the specification 
maximum. The single exception froze less than 0.5'C above the 
allowed value for JP-8, -5OOC.  The similar freezing points for the 
JP-5 and JP-8 samples reinforce the conclusion from the distillation 
data that the two types of jet fuels made in the SOH10 process are 
very similar. The highest JP-5 freezing point was that of the pre- 
acid treatment sample (J-7) which froze at -46.8OC. The freezing 
point of jet fuels is greatly affected by the concentration of the 
higher n-alkanes, such as n-hexadecane (1). The relationship between 
freezing point and the concentration of 1-hexadecane in the fuel 
appears to be consistent with that of the Shale-I studies. The 
amount of these alkanes in the Shale-I1 jet fuels is relatively low 
(6), a result of keeping the distillation end point lower than normal 
( 3 , 4 ) .  

Pour Point - The pour points of each of two samples of DFM were 
-20.6OC. This value is well below the specification maximum of 
-6.7OC (4) and that of an average petroleum derived DFM (11,12). 

FLAMMABILITY , I GNI TI ON AND ELECTROSTATIC PROPERTIES 
Flammability, ignition, and electrostatic properties are shown 

in Table 111. A s  in the case of the miscellaneous physical 
properties (Table II), the range of the data, averages, specification 
requirements, and representative values for petroleum derived fuels 
are given in the table. 

Flash Point - Flash points were determined by the Tag closed 
cup method (16) rather than by the Pensky-Martens method ( 2 0 )  as 
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called for in the specifications for JP-5 (3) and DFM (5). The Tag 
closed cup, however, is specified for JP-8 (4). The Tag method was 
chosen in order to have a basis of comparison for all three fuels 
and because it gives values which are closer to the lower flamma- 
bility temperature limits which is important from the standpoint of 
Safety. 
gives values which are 2-4OC lower than that of the Pensky-Martens 
(12). The JP-8 and the DFM flash points are seen to be well above 
the specification requirements of 38' and 6OoC (4,5). In the case 
of the JP-5 samples, four of the six samples had Tag flash points 
which were below the required 60°C (3). However, if we assume that 
the Pensky-Martens flash points would average about 3OC higher, four 
of the six samples would then meet the 60°C minimum and the other two 
would be less than a degree low. The Shale-I1 JP-8 flash point data 
are somewhat higher than that of an average petroleum derived JP-8 
and quite close to that of the Shale-I1 JP-5. 

For fuels in the JP-5/DFM flash point range, the Tag method 

Autoignition Temperatures - The autoignition data (AIT) shown in 
Table 111 were determined by ASTM D 2155 (17). The Shale-I1 JP-8 
and DFM AIT values (238OC) were identical and similar to that of 
their petroleum derived counterparts. The Shale-I1 JP-5 AIT (232OC1, 
however, was slightly lower than that of the other two fuels as well 
as that of representative petroleum JP-5 (24loC), but was well within 
the ll°C reproducibility limit set by the method (17). There are no 
AIT requirements in the military specifications for JP-5, JP-8 and 
DFM (3-5). 

Electrostatic Properties - Electrostatic data are shown in 
Table 11. The electrical conductivity and charging tendency of jet 
fuels are important with respect to electrical charge buildup in 
flowing fuel equipment, particularly filter separators. Electrical 
charge buildup can result in a spark discharge capable of igniting 
flammable vapors if they are present. This is a frequent cause of 
accidental fires and explosions and is an important factor in safety. 
Therefore, these properties were measured on the Shale-I1 jet fuels 
to determine if these fuels posed a lesser or greater hazard than 
their petroleum-derived counterparts. The values which were found 
for the Shale-I1 jet fuels in Table I11 are in the normal ranges 
found for petroleum derived jet fuels. The response to the addition 
of a static dissipator additive, ASA-3, is also normal. These Shale- 
I1 jet fuels behaGed significantly different than the Shale-I JP-5 
which exhibited abnormally high glectrical conductivity (215 pS/m) 
and charging tendency (7035 vC/m ) without the addition of any 
additives (2). 

COPPER CORROSION 

Tests for corrosion are of a qualitative type and are made to 
determine whether the fuel is free of tendency to corrode copper 
bearing alloys in aircraft pumps. The results of the ASTM copper 
strip corrosion tests (22) are shown in Table IV. The samples in t s 

table are grouped in accordance with their refining treatmknt and by- 
the additives the fuels were reported to contain. The fuels fall into 
four groups as seen in Table IV: (a) nine samples taken in the refin- 
ing process before the acid treatment: (b) six finished samples which 
contained no additives; (c) nine jet fuels containing fuel system 
icing inhibitor (FSII) and an anti-oxidant; and (d) finished fuels 
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containing only anti-oxidant. In the table a "+" or 1' - 01 sign is used 
in each column to show the applicability of the column headings. In 
the case of the FSII column, seven of the nine jet fuels which con- 
tained the icing inhibitor show actual data in place of the "+" sym- 
bol. In those cases, concentration was determined by analysis ( 2 3 ) .  
The specification requirement ( 3 , 4 )  for both jet fuels is 0.10 - 0.15% 
FSII (ethylene glycol monomethyl ether). 

The corrosion test results are shown in the last column. In 
order to meet the specification requirement ( 3 , 4 ) ,  a maximum value 
of "1" is acceptable in a scale of one through four (22) - For 
example, "1B" would pass, but "2A" would not. It is seen in the 
table that only one of the nine pre-acid treatment samples and one 
of the six additive free finished samples failed the test. But of 
the sixteen additive containing samples, only two (J-PP and D-PP) 
passed the test. These two samples were pilot plant samples which 
contained a different anti-oxidant, AO-29. Since almost all of the 
finished samples failed the test and since most of the pre-acid or 
non-additive samples passed the test, these results need to be related 
to the sequence of operations in the refinery process and to the 
nature of the additives which were used. It seems probable that 
either there was a problem with the acid treatment process by which 
a corrosive species was produced which ended up in the finished 
samples or that the additives used may have been contaminated. Both 
aspects may be involved. 

Free sulfur (17 ppm) and mercaptans (10 ppm) have been detected 
in the Shale-I1 JP-5. Model studies found that the combined presence 
of these two species, each at about the 10 ppm level, can cause fail- 
ure of the copper corrosion test. The anti-oxidant, AO-30, exhibited 
indications of reinforcing the effects of the sulfur species in the 
model studies. Fortunately, a concentration of 5 ppm of benzotri- 
azole enables Shale-I1 JP-5 to pass the copper strip corrosion test. 

CONCLUSIONS 

The physical properties of the Shale-I1 fuels were similar to 
that of equivalent fuels derived from petroleum. The differences 
observed could be minimized by modest changes in refining steps. 
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TABLE I. 5C Simulated Distillation* 

Percent Distilled 

0.5 
5 . 0  

10.0 
20 .0  
30 .0  
40.0 
50.0 
6 0 . 0  
70 .0  
80.0 
9 0 . 0  
95.0 
99 .5  

*ASTM D 2 8 8 7  ( 8 )  

TABLE 11. 

Temperature ( " C )  
JP-8  JP-5 DFM 
(J-11) ( J - 1 8 )  (D-1) --- -- 

1 5 6  
1 6 9  
1 7 5  
1 8 2  
1 9 1  
1 9 9  
2 0 5  
2 1 6  
2 2 1  
2 3 1  
2 4 0  
2 5 3  
2 8 1  

1 5 1  
1 7 2  
1 7 7  
1 8 7  
1 9 7  
2 0 2  
2 1 1  
2 1 9  
2 2 4  
2 3 4  
2 4 5  
2 5 5  
2 8 7  

1 4 4  
1 9 6  
2 1 7  
2 3 5  
2 5 0  
2 6 0  
2 7 1  
2 8 2  
2 9 4  
3 0 5  
3 1 6  
3 2 3  
3 4 7  

Miscellaneous Physical Properties 

Freezing Pour 
Specif. G av. Poinh Point 
(25 /25OC)  ("C) ( " C )  

f; 

~p-5 (10 samples) 

Range 
Average 
Specification 
Petroleume 

Jp-8 ( 2  samples) 

Range 
Average 
Specification 
Pe troleume 

E ( 2  samples) 

Range 
Average 
Specificagion 
Petroleum 

- -46 .8  - - 5 1 . 7  - 
0. 8 1 2 2 d  -49.7 - 

0 . 7 8 8  - 0 . 8 4 5  -46  (rnax.) - 
0 . 8 1 8  -49  - 

- - 4 9 . 6  - -50 .4  - 
0.8098'  -50.0 - 

0 . 7 7 5  - 0 . 8 3 0  -50 (rnax.) - 
0 .810  -54  - 

0 . 8 3 9 0  - 0 . 8 3 9 3  
0 . 8 3 9 2  

0 . 8 5 0  
- 

- 2 0 . 6  f 
-20.6 

-14  
-6.7 (rnax.) 

a - ASTM D 1 2 1 7  ( 1 3 )  
b - ASTM D 2 3 8 6  ( 1 4 )  
c - ASTM D 9 7  ( 1 5 )  
d - One sample tested. 
e - Data for representative petroleum derived fuel ( 9 , 1 1 , 1 2 )  
f - Same result for both samples. 
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TABLE IV. C-er Strip Corrosion Tests 

Pre- 
Acid Acid Treated Fuel Spple Additive8’ Test 

Sample F u e l  Treat. FSI I  (%v/v) Anti-Oxid. ResultC 

5-7 
J-8 
J-9 
J-10 
5-13 
5-14 
D-7 
D-8 
D-10 

J P - 5  
,I 

1 

JP-8 

DFM 

,, 

J-1 JP-5 - + 
J - 1 9  + 
J-11 JP-8 + 
J -12  - + 
J -17  - + 
D - 1  DFM - + 

- - 
,I 

J-PP 
J - 2  
J- 3 
5 - 4  
5-5 
J-6 
J-16 

J -22  
J - i a  

D-PP 
D-2 
D-3 
D-5 
D-6 
D - 1 1  
D-12 

0.11: 
0 . 2 1  

d 0.20 

d 0.19 
0.18: 

0.10 

+e 

+e 

0. 0gd 

- 
- 
- 
- 
- 
- - 

1A 
1A 
1A 
1A 
3B 
1A 
1A 
IA 
1B 

f + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

f 

1A 
3B 
3B 
3B 
3B 
3B 
3B 
3B 
3B 

1A 
3B 
3B 
3B 
3B 
3B 
3B 

a - Ethylene glycol monomethyl ether fuel system icing inhibitor 
b - Anti-oxidant “AO-30“ (2,4-dimethyl-6-tertiary-butyl phenol). 
c - ASTM D 130 ( 2 2 ) .  Specification (max.) = 1B ( 3 - 5 )  
d - By FSII determination (23) 
e - FSII reported to be present (0.10 - 0.15%) (3,4) 
f - Anti-oxidant “AO-29“ (2,6-ditertiary-butyl-4-methyl-phenol) in 

(3, 4 )  

pilot plant fuels. 
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